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Field of the Invention 

The systems and methods described herein relate to medical devices and, more 
20 specifically, to catheter-based systems for treating occlusions within blood vessels of 
the human or mammalian body. 



Background 

Vascular occlusions are blockages of the cardiovascular system (which 
25 includes both coronary and peripheral vessels) that significantly or completely block 
the flow of blood through the vessel. The progression of the disease state that causes 
vascular occlusions, generally referred to as atherosclerosis involves the gradual 
deposition of fatty, fibrous and/or calcific deposits along the interior wall of the 
vessel. This progression may occur slowly, sometimes taking a number of years. 
30 Vascular occlusions may be categorized as "functional" or as a Chronic Total 

Occlusion (CTO). The occlusions are fimctional, for example, when the vessel has 
developed significant stenosis that blocks the majority of blood flow, but a small 
flnite pathway remains through the vessel. The occlusions are categorized as CTOs 
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In arterial disease, often as the lumen of the native vessel begins to slowly 
close, the tissue served by this native vessel becomes ischemic and the body may 
respond by generating angiogenic factors that initiate the growth of new "collateral" 
vessels that originate proximal to the site of the occlusion and feed the tissue distal to 
5 the occlusion. These new vessels may help to stabilize the tissue's requirement for 
blood flow and oxygen during rest or nominal activit}/. These collateral vessels may 
occur in both the coronary and peripheral vasculature. However, often these new 
collateral vessels cannot sustain an adequate delivery of blood and oxygen to the 
tissue under more demanding situations such as exercise. For blockages in peripheral 

10 vessels such as in the legs, the patient may develop clinical symptoms such as 

claudication in the legs (pain while exercising), or in the case of coronary blockages 
the patient may develop shortness of breath or chest pain while exercising. 

The physical treatment of vascular occlusions may involve interventional 
methods (for example, non-surgical, catheter based methods), or surgical methods. 

15 The intent of interventional treatment is to re-cannalize the occluded vessel by first 
generating an initial small pathway through the occlusion, and subsequently radially 
expanding the small pathway via balloon angioplasty to a diameter that is nominally 
equal to the original diameter of the vessel prior to its becoming occluded. The site 
may also be treated with athrectomy catheters and stents as well to facilitate the long 

20 term patency of the vessel. 

Interventional treatment typically involves introducing a specialized wire, 
referred to as a guide wire, into the vessel that is proximal to the occlusion and 
advancing the guide wire using fluoroscopic means through the occlusion and into the 
vessel that is distal to the occlusion. This fundamental technique may be practiced in 

25 both coronary (heart) vessels and peripheral (for example, iliac, superficial femoral, 
sub-clavian) vessels. Once the guide wire is delivered through the occlusion and into 
the vessel lumen distal to the occlusion, a balloon catheter may be delivered over the 
guide wire to perform balloon angioplasty at the site of the occlusion. 

However, conventional guide wires are not designed for generating pathways 

30 through total occlusions. Rather they are designed with very flexible distal 

terminations to allow them to typically navigate through non-occluded but stenosed 
vessels, for the purpose of the subsequently delivery of a balloon catheter to perform 
angioplasty at the site of the stenosed artery. The design of a guide wire capable of 
generating a pathway through a total occlusion is a challenging task, whereas the 
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guide wire must be robust enough to pass through the occlusive material, but also be 
friendly enough so as not to perforate through the vessel wall, should the guide wire 
not take a direct path through the occlusion. However, the divergence of the guide 
wires pathway through the occlusion is a clear possibility, since the composition of a 
5 total occlusion can be very non-homogeneous, leading to the guide wires deflection 
off of fibrous or hard calcific deposits, leading to its potential advancement through 
the vessel wall, which is clearly undesirable. 

Interventional methods to treat vascular total occlusions can be challenging 
and problematic, and present high risk factors, as described above. As such, patients 

1 0 presenting with vascular total occlusions are fi-equently referred directly to the 
surgical method of treatment. Alternatively, patients are frequently referred to 
surgical methods following the failure of an interventional attempt. While the 
surgical approach is clearly more traumatic to the patient, the actual mechanics of the 
procedure are more straightforward the procedure is generally accepted as having 

15 fewer complications. 

In the surgical approach, an external conduit is used to bypass the occlusion, 
wherein one end of the conduit is attached to the vessel proximal to the occlusion, and 
the other end of the conduit is attached to the vessel distal to the occlusion. In this 
way, the flow of blood is re-routed around the occlusion. The conduit may be an 

20 explanted section of artery or vein, or may be a man-made conduit, typically 
fabricated of a Dacron composition. 

The surgical approach however is also not without complications. Whereas 
the surgical approach generally results in favorable clinical outcomes, it is very 
invasive as compared to the interventional approach and subsequently leads to a much 

25 greater recovery period for the patient. Consequently, in reviewing the surgical and 
interventional approaches to treating chronic total occlusions, it is evident that a non- 
surgical approach would be desirable, and an improved interventional treatment 
would be further desirable that could increase success rates and lessen the 
complications associated with present interventional procedures. 
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Brief Description of the Drawings 

Figure 1 is a catheter system including a Blunt Dissection Catheter and Sheath 
Catheter, under an embodiment. 

Figure 2a is a Blunt Dissection Catheter and Sheath Catheter at a proximal 
5 end of a vascular occlusion in vasculature, under an embodiment. 

Figure. 2b is a Blunt Dissection Catheter advancing through a vascular 
occlusion with the Sheath Catheter maintained proximal to the vascular occlusion, 
under an embodiment. 

Figure 2c is a Blunt Dissection Catheter advancing through a vascular 
10 occlusion, under an embodiment. 

Figure 2d is a Blunt Dissection Catheter and Sheath Catheter advancing 
through a vascular occlusion, under an embodiment. 

Figure 2e is a Blunt Dissection Catheter exiting a vascular occlusion with the 
Sheath Catheter within the vascular occlusion, under an embodiment, 
1 5 Figure 2f is a Blunt Dissection Catheter and Sheath Catheter both advanced 

through a vascular occlusion, under an embodiment. 

Figure 2g is a Sheath Catheter maintaining position across vascular occlusion 
following removal of a Blunt Dissection Catheter, under an embodiment. 

Figure 2h is a guide wire advanced through the Sheath Catheter and into a 
20 vessel true lumen distal to an occlusion, under an embodiment. 

Figure 2i is a guide wire in place across a vascular occlusion following 
removal of a Sheath Catheter, xmder an embodiment. 

Figure 3a is a catheter system including a Sheath Catheter and a Sheath 
Introducer, under an embodiment. 
25 Figure 3b is a longitudinal cross-section of a distal segment of a Sheath 

Catheter, under an embodiment. 

Figure 3c is a longitudinal cross-section of a distal end of a Sheath catheter, 
under an alternative embodiment. 

Figure 3d is a longitudinal cross-section of a distal end of a Sheath catheter, 
30 under another alternative embodiment. 

Figure 3e is a longitudinal cross-section of a distal end of a Sheath catheter, 
under yet another alternative embodiment. 

Figure 3f is a longitudinal cross-section of a proximal hub of a Sheath 
Catheter, under an embodiment. 
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Figure 4a is a longitudinal cross-section of an Introducer Catheter proximal 
hub, under an embodiment. 

Figure 4b is a longitudinal cross-section of an Introducer Catheter distal 
segment in a tapered configuration and including a fluoroscopic marker band, under 
5 an embodiment. 

Figure 4c is a longitudinal cross-section of an Introducer Catheter distal 
segment in a rounded configuration and including a fluoroscopic marker band, under 
an embodiment. 

Figure 5a is a working element of a Blunt Dissection Catheter showing two 
10 spreading members in an open configuration, under an embodiment. 

Figure 5b is a working element of a Blunt Dissection Catheter showing two 
spreading members in a closed configuration, under an embodiment. 

Figure 5c is an exploded view of a working element of a Blunt Dissection 
Catheter, under an embodiment. 
15 In the drawings, the same reference numbers identify identical or substantially 

similar elements or acts. 

Detailed Description 

Interventional catheter-based systems and methods are described herein for 
20 use in generating an initial pathway through a vascular total occlusion. It should be 
noted that the system described herein does not perform a therapeutic fianction in that 
the initial pathway generated by the catheter system through the vascular occlusion is 
not intended to restore functional patency or blood flow to the vessel. Rather, after 
having generated the pathway through the occlusion, the catheter system may be 
25 extracted in whole or in part fi-om the vessel. The generated pathway is subsequently 
used for passage of a conventional guide wire, with the guide wire then serving a 
conventional function to deliver therapeutic devices such as balloon catheters or stents 
for performing conventional angioplasty or stenting to the previously occluded 
vascular site. Thus the generation of this initial pathway is only to facilitate the 
30 subsequent placement of a conventional guide wire, and without the placement of the 
guide wire across the occlusion, further therapeutic procedures are not possible. The 
system described herein is applicable for use in any vasculature of the body. 

In the following description, numerous specific details are introduced to 
provide a thorough understanding of, and enabling description for, embodiments of 
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the catheter systems and methods. One skilled in the relevant art, however, will 
recognize that these embodiments can be practiced without one or more of the 
specific details, or with other components, systems, etc. In other instances, 
well-known structures or operations are not shown, or are not described in detail, to 
5 avoid obscuring aspects of the disclosed embodiments. 

The catheter system described herein generally includes two elements. The 
first element is a Blunt Dissection Catheter including a remotely, manually actuated 
assembly located at the distal tip of the catheter that performs blunt dissection in the 
vascular occlusion to produce a dissection track, or small pathway through the 
10 occlusion. The second element is a Sheath Catheter that serves as a conduit within 
which the Blunt Dissection Catheter may be freely advanced, retracted or rotated. 
These elements are used in conjunction with each other to cross total vascular 
occlusions in both the coronary and peripheral vasculature. Descriptions of each 
element follow below. 

1 5 The Blunt Dissection Catheter of an embodiment includes a catheter shaft that 

is distally terminated with a working element (also referred to as a distal actuation 
assembly or distal assembly) including of one or more longitudinally arranged, 
atraumatic, blunt spreading member(s), each spreading member having a free distal 
end configured to rotate about a proximal end that is hinged to a base of the assembly, 

20 the base being non-mo veable and attached to the distal end of the catheter shaft. The 
spreading members are remotely actuated via the catheters proximal handle, and move 
between a normally closed position wherein the catheter may be advanced, retracted 
and properly positioned within the vessel, and an open, actuated position during 
which the blunt dissection process occurs. In the closed position, the free distal end 

25 of the spreading member(s) is rotated towards the central axis of the catheter shaft, 
and the spreading member(s) form a smooth, blunt, bullet-shaped configuration at the 
end of the catheter shaft. In the open configuration, the distal end of the spreading 
member(s) is rotated about the proximal hinged attachment to the base and the 
spreading member(s) moves through an arc and laterally away from the central axis of 

30 the catheter. 

An actuation element is disposed within the catheter shaft of an embodiment, 
the distal end of the actuation element being in contact with the hinged spreading 
member(s), and the proximal end of the actuation element coupled to the proximally 
actuated handle mechanism. The handle mechanism is operable by the physician, for 
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example. Actuation of the handle imparts an axial force to the actuation element, 
which in turn imparts an opening force to the spreading members of the working 
element. The working element responds wherein the one or more atraumatic, blunt 
spreading member(s) rotate about their proximal hinge attachment to the base, and the 
5 free distal end of the spreading member travels through an arc and laterally away from 
the central axis of the catheter. 

When positioned against a vascular occlusion, the lateral movement of the 
distal spreading member imparts a force to the occlusive vascular tissue to locally 
disrupt the occlusion and produce a small dissection track immediately distal to the 

10 working element. The catheter may then be advanced distally into this small 
dissection track, and the process repeated, each time producing another small 
dissection track immediately distal to the catheter working element, into which the 
catheter moves. The process continues until the catheter has advanced through the 
vascular occlusion, and exits into the true lumen of the vessel that is distal to the 

15 occlusion. Blunt dissection catheters usable as the first element of the catheter 
system are described in the Related Applications. 

The second element of the catheter system is the Sheath Catheter, which is 
designed as a complimentary device within which the Blunt Dissection Catheter 
operates. The Sheath Catheter of an embodiment is a low profile conduit, and 

20 includes a single lumen, thin walled catheter shaft terminating distally in an 

atraumatic distal port and terminating proximally in a single port hub. The wall 
thickness of the Sheath Catheter is desired to be as thin as physically possible, and the 
inner diameter of the Sheath Catheters single lumen is designed to provide a high 
tolerance fit to the outer diameter of the Blunt Dissection Catheter, These two 

25 attributes afford the least overall profile to the composite catheter system, which 
facilitates the advancement of the catheter system through the vasculature, and is 
especially critical to facilitate the movement of the system through heavily diseased 
areas of the vessel. 

The outer surface of the Blunt Dissection Catheter and the inner surface of the 
30 Sheath Catheter are lubricious to each other because of the minimized annular space 
between the surfaces; this facilitates the free rotational and axial movement of the 
Blunt Dissection Catheter within the Sheath Catheter. This lubricity is achieved by 
including a lubricious material such as high density polyethylene (HDPE), low 
density polyethylene (LDPE) or polytetrafluoroethelyene (PTFE) in materials of the 
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inner surface of the Sheath Catheter. The outer surface of the Blunt Dissection 
Catheter shaft can also be designed with similar materials, or other polymers such as 
nylons or polyurethanes, and a hydrophilic coating may be applied to the surface of 
the catheter to increase lubricity. 
5 The annular space between the outer diameter of the Blunt Dissection Catheter 

and the inner diameter of the Sheath Catheter of an embodiment is on the order of 
approximately 0.001 inches, but is not so limited. Wall thickness of the Sheath 
Catheter of an embodiment ranges from approxunately 0.003 to 0.010 inches, but is 
not so limited. Nominal wall thickness is approximately 0.005 inches. A small 
10 annular space between the Blunt Dissection Catheter and the Sheath Catheter, in 

combination with a minimized wall thickness of the Sheath Catheter, but especially at 
the terminal end, minimizes the overall exposed leading edge of the Sheath Catheter 
as it translates over the Blunt Dissection Catheter during advancement within the 
vascular system. 

1 5 Procedurally, the catheter system including the Blimt Dissection Catheter and 

Sheath Catheter is advanced within a vessel until the working element of the Blunt 
Dissection Catheter is brought into intimate contact with the vascular occlusion. In 
this process, the Blunt Dissection Catheter remains in an advanced position just 
beyond the distal end of the Sheath Catheter, typically approximately 1 to 15 

20 centimeters (cm). In order to perform the blunt dissection process, the working 
element of the B lunt Dissection Catheter is engaged with sufficient force into the 
vascular occlusion using axial force input into the Blunt Dissection Catheter by the 
physician via the proximal handle. 

The translation of this force from the handle to the working element is 

25 facilitated by two factors. The first factor to facilitate the translation of axial force is 
the physical support offered by the Sheath Catheter. On its own the Blunt Dissection 
Catheter is designed to have more flexibility to be able to easily navigate through the 
vascular system. However, this design consideration also tends to reduce the overall 
amount of inherent "push" the catheter can develop on its own. Thus, the physical 

30 support offered by the Sheath Catheter increases the overall "pushability" of the 
system. The second factor to facilitate the translation of axial force is the lubricity 
between the inner surface of the Sheath Catheter and the outer surface of the Blunt 
Dissection Catheter. These two factors maximize the translation of force delivered to 
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the working element of the Blunt Dissection Catheter, and facilitate the overall blunt 
dissection process. 

Maximizing the translation of axial force delivered to the Blunt Dissection 
Catheter working element is the first fundamental function provided by the Sheath 
5 Catheter. Greater translation of axial force input by the physician allows the working 
element to better engage the total occlusion and facilitates the blunt dissection 
process. As the Blunt Dissection Catheter is incrementally advanced through the 
vascular occlusion, the Sheath Catheter may also be advanced forward as appropriate 
to the procedure and the patient in order to provide the proper support to the Blunt 

10 Dissection Catheter. Typically, the distal end of the Sheath Catheter is maintained at 
a distance of from approximately 1 to 5 cm proximal to the Blunt Dissection Catheter 
to provide proper support. 

As the Blunt Dissection Catheter progresses further into material of the 
vascular occlusion, the Sheath Catheter can also be incrementally advanced forward. 

15 As this proceeds, the Sheath Catheter will reach the proximal end of the occlusion, 
where the dissection track begins. Up to this point, the distal end of the Sheath 
Catheter may have been advancing within a diflusely diseased portion of the vessel. 
However, upon now reaching the proximal end of the vascular occlusion, where the 
dissection track begins, the working diameter of the vessel lumen will have been 

20 reduced down to the size of the dissection track produced by the Blunt Dissection 

Catheter. The ability to now advance the Sheath Catheter distally to follow the Blunt 
Dissection Catheter into the occlusion now becomes dependent on the high tolerance 
fit between the Sheath Catheter and the Blunt Dissection Catheter, and the low profile 
of the leading edge of the Sheath Catheter. A very low profile leading edge of the 

25 Sheath Catheter of an embodiment allows the Sheath Catheter to follow over the 
Blunt Dissection Catheter into the dissection track. 

As both the Blunt Dissection Catheter and Sheath Catheter are incrementally 
advanced through the vascular occlusion, the Blunt Dissection Catheter eventually 
exits the vascular occlusion and enters the true lumen of the vessel that is distal to the 

30 occlusion. At this point during the procedure, the position of the Blunt Dissection 
Catheter is maintained, and the Sheath Catheter can be further advanced distally over 
the Blunt Dissection Catheter until the Sheath Catheter has also exited the occlusion, 
and entered the true lumen of the vessel that is distal to the occlusion. The Blunt 
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Dissection Catheter may then be extracted from the vessel and the body completely, 
leaving the Sheath Catheter in place across the vascular occlusion. 

The placement of the Sheath Catheter across the occlusion now serves as a 
convenient conduit through which a conventional guide wire may be advanced into 
5 the true lumen of the vessel that is distal to the occlusion. This is the second 

fundamental function afforded by the Sheath Catheter. Having now placed the guide 
wire across the vascular occlusion, its position is maintained and the Sheath Catheter 
may be extracted jfrom the vessel and the body. The guide wire is thus left in place to 
facilitate the delivery of therapeutic devices such as balloon catheters or stents to 

1 0 perform angioplasty or stenting to treat the previously occluded vascular site. 

Figure 1 is a catheter system including a Blunt Dissection Catheter 100 and 
Sheath Catheter 300, under an embodiment. The Blunt Dissection Catheter 100 and 
Sheath Catheter 300 are shown as an integral system with the Blunt Dissection 
Catheter 100 positioned within the Sheath Catheter 300. The Blunt Dissection 

15 Catheter 100 has a longer working length than the overall physical length of the 

Sheath Catheter 300, Working length is generally defined as the usable length of the 
catheter shaft that may be advanced into another device, and in this case the Blunt 
Dissection Catheter 100 is advanced into the Sheath Catheter 300. Working length is 
measured from the tip of a catheter to the proximal most point on the catheter shaft. 

20 In the Blunt Dissection Catheter 100, the working length extends from the working 
element 120 to the distal end of the strain relief 150 that interfaces the catheter shaft 
160 to the handle 110. The Blunt Dissection Catheter shaft 160 can be advanced into 
the Sheath Catheter 300 until the Blunt Dissection Catheter strain relief 150 butts 
against the Sheath Catheters proximal hub 310. When the Blunt Dissection Catheter 

25 100 has been fully advanced into the Sheath Catheter 300, a distal segment of the 
Blunt Dissection Catheter 170 extends from the distal tip 330 of the Sheath Catheter 
300. This length may typically vary from approximately 1cm to 15 cm, but is not so 
limited. The nominal extended length is approximately 10 cm, but is not so limited. 
The working length of the Blunt Dissection Catheter 100, and the 

30 corresponding overall length of the Sheath Catheter 300 depends on the area of the 
body in which the system is used, the entry point into the body, and the pathway the 
catheter takes through the body to the occlusion. Commonly treated sites in the 
peripheral vasculature are in the two main vessel branches that bifurcate from the 
distal aorta, each supplying blood to the trunk area and one of the legs. Each iliac 
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artery tapers into the femoral artery through the groin and upper thigh area, and 
further tapers into the popliteal artery in the area of the knee. 

The typical catheter system entry point into the peripheral vasculature is 
through the femoral artery location in either groin. From this entry site, the catheter 
5 system may be advanced in one of two directions. If the occlusion is in the artery 
distal to the entry site, the catheter system is advanced distally and in the direction of 
blood flow until the occlusion is reached. This approach is commonly referred to as 
"ipsa-lateral", meaning the entry site and the treatment site is located in the same 
vascular branch on the "same side" of the aortic bifurcation. Alternatively, if the 

10 occlusion is located in the vascular branch opposite of the entry site, the catheter may 
utilize the same entry site, but is first advanced against the flow of blood to reach the 
terminal end of the aorta, and then directed into the opposite iliac arterial branch. 
The catheter may then be advanced distally to reach the occlusion. This approach is 
commonly referred to as "contra-lateral" since the vascular occlusion site and the 

15 entry site are in opposite legs of tlie aortic bifiircation. 

Nominal working length required for the Blunt Dissection Catheter 100 in 
ipsa-lateral applications ranges from approximately 40cm to 100 cm, but is not so 
limited. A typical working length of the Blunt Dissection Catheter 100 for ipsa-lateral 
applications is approximately 80cm. Accordingly, the overall length of the Sheath 

20 Catheter 300 is nominally approximately 10 cm shorter than the working length of the 
Blunt Dissection Catheter 130, and may range from approximately 30 cm to 90 cm, 
but is not so limited. 

For contra-lateral applications, the Blunt Dissection Catheter 100 catheter 
must first reach the terminal aorta via the iliac artery proximal to the entry site before 

25 being directed distally into the opposing iliac artery. For a vascular occlusion in the 
iliac artery opposite of the entry site, a working length of only approximately 60 cm 
may be used. However, if the vascular occlusion is in the Superficial Femoral Artery 
(SFA) or in the popliteal artery, the working length may reach approximately 140 cm, 
or possibly 160 cm. A practical working length range of the Blimt Dissection 

30 Catheter 100 for contra-lateral applications is approximately 60 cm to 140 cm, but is 
not necessarily so limited. Accordingly, the overall length of the Sheath Catheter 300 
may range from 50 cm to 130 cm, but is not so limited. All catheter dimensions 
provided above and elsewhere herein are presented as examples only and may be 
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different according to vascular entry site, location of the vascular occlusion, and 
medical procedure. 

For access to the coronary vasculature, the entry site may be the same as for 
the peripheral vasculture, namely through the femoral artery in the groin. Minimum 
5 working length for the Blunt Dissection Catheter 100 of an embodiment is 

approximately 110 cm. The upper range is similar to that of the peripheral version, or 
approximately 140 cm. A typical overall range of length may be from approximately 
1 10 cm to 140 cm, but is not so limited. Accordingly, the overall length of the Sheath 
Catheter 300 may range from approximately 100 cm to 130 cm, but is also not so 
10 limited. 

The Blunt Dissection Catheter 100 is shown with proximal handle 110, flush 
port 130, rotating haemostasis valve 140, strain relief 150, proximal catheter shaft 
160, distal catheter shaft 170, and working element 120. Actuation of the handle 
mechanism 110 communicates an opening and closing action to the catheters working 

15 element 120. Specifically, depression of the distal segment of the "T" handle 110 
imparts proximal axial movement of the actuation element (not shown) within the 
catheter shaft 160/170, which in turn opens the spreading members 122 of the 
working element 120. Depression of the proximal segment of the "T" handle 1 10 
imparts distal axial movement of the actuation element (not shown) within the 

20 catheter shaft 160/170, which in turn closes the spreading members 122 of the 
working element 120. The handle assembly 1 10 may be constructed of common 
machinable plastics such as polycarbonate or Delrin, but is not so limited. 

The flush port 130 provides a pathway to inject saline into the interior of the 
catheter 100 to displace any air prior to insertion into the body. The rotating 

25 haemostasis valve 140 maintains a fluid-tight pathway between the interior of the 
catheter shaft 160/170 and the flush port 130, while allowing the catheter shaft 
160/170 to be rotated as required by the physician during use. 

The Sheath Catheter 300 includes the proximal hub 310, the shaft 320, and the 
distal termination 330. As stated previously, the overall length of the Sheath Catheter 

30 300 is such that upon complete distal advancement of the Blunt Dissection Catheter 
100 into the Sheath Catheter 300 approximately 10 cm of the Blunt Dissection 
Catheter 100 extends from the distal end of the Sheath Catheter 300, but is not so 
limited. 
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Figures 2a through 2i generally show a clinical procedure that includes use 
of the catheter system, under an embodiment. Figure 2a is a catheter system 
including the Blunt Dissection Catheter and Sheath Catheter at a proximal end of a 
vascular occlusion in vasculature, under an embodiment. The Blunt Dissection 
5 Catheter 100 and Sheath Catheter 300 are advanced concurrently to approach a 

vascular total occlusion 200. Proximal to the vascular occlusion 200 is the proximal 
true lumen of the vessel 180, and distal to the occlusion 200 is the distal true lumen of 
the vessel 190. The working element 120 of the Blunt Dissection Catheter 100 is 
advanced until it is brought into opposition to the vascular occlusion 200, To provide 

10 support to the Blunt Dissection Catheter 100, the distal end 330 of the Sheath Catheter 
300 is maintained approximately a few centhneters proximal to the distal end of the 
Blunt Dissection Catheter 100, Axial force is applied to the Blunt Dissection Catheter 
100 by the physician to establish appropriate engagement of the Blunt Dissection 
Catheters working element 120 into the occlusion 200. 

15 Figure 2b is a Blxmt Dissection Catheter advancing through a vascular 

occlusion with the Sheath Catheter maintained proximal to the vascular occlusion, 
under an embodiment. Figure 2c is a Blunt Dissection Catheter advancing further 
through a vascular occlusion, under an embodiment. Figure 2d is a Blunt Dissection 
Catheter and Sheath Catheter advancing through a vascular occlusion, under an 

20 embodiment. 

Upon placement of the catheter system proximate to the vascular occlusion 
200, the user actuates the spreading members 122 of the Blunt Dissection Catheter 
100 via the handle mechanism 110, urging the tissue in contact with the spreading 
members 122 to fracture, thus producing a small local dissection in the occlusion 

25 immediately distal to the working element 120 (Figure 2b). The spreading members 
122 are then closed producing an atraumatic, bullet-shaped distal tip suitable for distal 
advancement into the dissection track (Figure 2c). The process of engaging the 
working element 120 into the occlusion with the spreading members 122 closed, 
followed by actuating the spreading members 122 to an open position, and subsequent 

30 closing of the spreading members 122 and advancement into the dissection track is 
repeated as the working element 120 of the Blunt Dissection Catheter 100 is advance 
through the vascular occlusion 200. The Sheath Catheter is also advanced through the 
vascular occlusion 200 as appropriate to the procedure (Figure 2d). 
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Figure 2e is a Blunt Dissection Catheter exiting a vascular occlusion with the 
Sheath Catheter within the vascular occlusion, under an embodiment. As a dissection 
track is produced in/through the occlusion 200, and the Blunt Dissection Catheter 100 
is advanced distally, the Sheath Catheter 300 can also be advanced into the dissection 
5 track within the occlusion 200. 

Figure 2f is a Blunt Dissection Catheter and Sheath Catheter both advanced 
through a vascular occlusion, under an embodiment. The distal tip 330 of the Sheath 
Catheter 300 has been advanced over the Blunt Dissection Catheter 100 and beyond 
the total occlusion 200. At this point, the Blunt Dissection Catheter 100 may be fully 

10 retracted and removed from the vasculature, leaving the Sheath Catheter 300 in place 
across the vascular occlusion, with the distal tip 330 distal to the occlusion 200. 
Figure 2g is a Sheath Catheter maintaining position across the vascular occlusion 
following removal of the Blimt Dissection Catheter, under an embodiment. 

Figure 2h is a guide wire advanced through the Sheath Catheter and into a 

15 vessel true lumen distal to an occlusion, under an embodiment. The guide wire 400, 
which can be any of a number of guide wire types known in the art, is advanced 
through the lumen of the Sheath Catheter 300 and into the true lumen 190 of the 
vessel distal to the occlusion 200. Following placement of the guide wire, the Sheath 
Catheter 300 is removed from the vasculature, leaving the guide wire 400 in place 

20 across the occlusion 200. The guide wire is now positioned to deliver therapeutic 
treatment modalities to the vascular site, such as angioplasty balloons, athrectomy 
devices, or stents. Figure 2i is a guide wire in place across a vascular occlusion 
following removal of a Sheath Catheter, under an embodiment. 

In the prior discussion, the Blunt Dissection Catheter and Sheath Catheter are 

25 delivered to the site of the vascular occlusion together, i.e. the Blunt Dissection 

Catheter is loaded within the Sheath Catheter for/during delivery. This configuration 
applies when using the system in either coronary or peripheral vessels. However, for 
applications in which the vasculature has a high degree of tortuosity, as is more often 
seen in certain coronary anatomies, an alternate method of gaining access to the site 

30 of the vascular occlusion may be desirable. If the tortuosity of the vasculature is too 
exti'eme for the Blunt Dissection Catheter and the Sheath Catheter to navigate as a 
system, it may* be desirable to deliver the Sheath Catheter first via a more flexible 
delivery scheme, and to subsequently deliver the Blunt Dissection Catheter within the 
Sheath Catheter to the site of the vascular occlusion. The Sheath Introducer includes 
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very flexible polymers and thus the Sheath Catheter/Sheath Introducer combination 
can afford a greater degree of flexibility at the distal end of the assembly to allow 
tracking through higher degrees of vascular tortuosity while delivering the distal end 
of the Sheath Catheter to the desired vascular location. 
5 In this alternate approach, the Sheath Catheter is delivered first directly to the 

site of the vascular occlusion via a conventional guide wire. However, whereas the 
diameter of a typical coronary guide wire is 0.014 inches, and the nominal inner 
diameter of the Sheath Catheter is approximately 0.041 inches, the Sheath Catheter 
may not be tracked directly and safely over the guide wire since the Sheath Catheters 

10 leading distal edge would be greatly exposed. This exposed leading edge may lead to 
skiving of the vessel wall as it is advanced in the vasculature. To protect the vessel 
wall from damage by the leading edge of the Sheath Catheter, the Sheath Catheter is 
internally supported by a Sheath Introducer (also referred to as an obturator). 

The Sheath Introducer is a single lumen sleeve that fits snugly within the 

1 5 Sheath Catheter along a portion of the length of the Sheath Catheter, and incorporates 
a guide wire lumen to accommodate standard vascular guide wires. The distal 
segment of the Sheath Introducer may extend from approximately 0.5 cm to 3 cm 
beyond the distal end of the Sheath Catheter, but is not so limited. The distal segment 
of the Sheath Introducer includes at least one a tapered distal end to facilitate its 

20 tracking and a rounded distal end to be more atraumatic. 

In a first embodiment, the Sheath Introducer is designed with a uniform outer 
diameter that runs the entire length up to the proximal hub. This allows for easy 
removal of the Sheath Introducer from the Sheath Catheter once delivered to the site 
of the vascular occlusion. 

25 In an alternative embodiment, the diameter of the Sheath Introducer sleeve 

that resides within the Sheath Catheter is a first uniform diameter, and only the distal 
segment of the Sheath Introducer extending from the distal end of the Sheath Catheter 
may be of a second, slightly increased diameter, such that the transition from Sheath 
Introducer to Sheath Catheter forms a smooth constant diameter. In this 

30 configuration, the distal segment of the Sheath Introducer may still be terminated as 
described above. 

The proximal end of the Sheath Introducer of an embodiment terminates with 
a simple hub including a standard luer connector with a central lumen that 
communicates with the guide wire lumen of the single lumen sleeve. The proximal 
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hub of the Sheath Introducer can also be press fit into the Sheath Catheters proximal 
hub to maintain the Sheath Catheter and Sheath Introducer in proper axial registration, 
i.e. to maintain the 1 cm to 5 cm of Sheath Introducer extension beyond the distal end 
of the Sheath Catheter during use. 
5 In preparation for introducing the Sheath Catheter into the vasculature, the 

distal end of the Sheath Introducer is loaded into the proximal hub of the Sheath 
Catheter and advanced until the Sheath Introducer hub is press fit into the Sheath 
Catheter hub. In this configuration the Sheath Introducers distal segment extends 
approximately 1 cm to 5 cm beyond the Sheath Catheters distal tip to facilitate 

10 tracking of the combined assembly over a guide wire, but is not so limited. Once at 
the desired vascular location, the Sheath Introducer and guide wire may be fully 
retracted, leaving the Sheath Catheter in place at the desired vascular site. 
Concerning the embodiment wherein the Sheath Introducer distal segment is equal in 
diameter to the Sheath Catheter outer diameter, the Sheath Introducer tip may be 

1 5 fabricated of a sufficiently low durometer polymer such that upon retraction, the tip 
may be slightly compressed as the Sheath Introducer is removed fi-om the Sheath 
Catheter. 

Durometer as used herein is a measure of material hardness, but other 
definitions known in the art are included as appropriate. Consequently, the durometer 

20 of a polymer is a measure of the hardness of the polymer. Therefore, durometer 
relates to a measure of the stiffness of a device formed with the poljraer. As an 
example, catheter shafts laminated with higher durometer polymers afford a 
comparatively higher stiffness than catheter shafts laminated with lower durometer 
polymers. Further, catheter shafts laminated with the lower durometer polymers 

25 afford a comparatively higher degree of flexibility than catheter shafts laminated with 
higher durometer polymers. 

The Sheath Introducer sleeve of an embodiment is formed from a single 
extrusion of one or more polymers including at least one of Teflon (PTFE), High 
Density Polyethylene (HDPE), Low Density Polyethylene (LDPE), and any of a 

30 number of combinations of these materials, but the Sheath Introducer is not limited to 
these polymers. One or more of the polymers of an embodiment are lubricious. 
These polymers may also be graded to provide lesser durometer polymers at the distal 
end of the Sheath Introducer to afford a higher degree of flexibility. Fabricating a 
very flexible distal end of the Sheath Introducer is a desirable feature since it will 
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more easily track over the guide wire, and allow the Sheath Introducer/Sheath 
Catheter system to track more easily in general. Alternatively, the Sheath Introducer 
may be fabricated of a braided material (stainless steel, polymer filaments) laminated 
with similar polymers. 
5 When tracking the Sheath Introducer/Sheath Catheter to a target vascular site, 

the distal end of the Sheath Introducer is the leading end of the system. Therefore the 
Sheath Introducer/Sheath Catheter of an embodiment includes a fluoroscopic marker 
in/on a distal segment of the Sheath Introducer. Fluoroscopic marking components 
such as thin-walled Platinum bands having a thickness of approximately 0,001 to 

10 0.002 inches and a length of approximately 0.5 millimeters (mm) to 2 mm can be 

embedded within the distal polymer of the Sheath Introducer, or alternatively affixed 
to the Sheath Introducer with medical adhesives. The bands can also be fabricated 
from stainless steel and coated with gold. Alternatively, the bands can be embedded 
into the inside surface or outside surface of the sleeve polymer using swaging 

15 methods. Alternatively, fluoroscopic inks can be printed on the distal surface of the 
Sheath Introducer to provide a similar fluoroscopic marking indicator. This 
fluoroscopic image provides the physician with information to indicate when the 
Sheath Introducer/Sheath Catheter has reached the proximal end of the vascular 
occlusion. 

20 The Sheath Catheter of an embodiment includes a shaft system and a proximal 

luer hub, but is not so limited. The shaft system comprises components including an 
inner polymer layer, a middle layer, an outer polymer layer, a distal fluoroscopic 
marking system, and an external lubricious coating, but is not so limited. Each of 
these components is described below. 

25 Regarding the shaft system of an embodiment, the inner polymer layer forms 

the interior surface of the Sheath Catheter. To facilitate the advancement and 
retraction of the Blunt Dissection Catheter, or other catheters within the Sheath 
Catheter, this inner layer includes a lubricious material, such as Telfon (PTFE), 
polyimides, and Polyethylenes including High Density Polyethylene (HDPE), Low 

30 Density Polyethylene (LDPE), and/or a blend of the two, but is not limited to these 
materials. These polymers are commonly used in the medical device field. The inner 
polymer layer can be chosen to be of the same material and durometer throughout the 
length of the Sheath Catheter, or polymers may be chosen to customize the desired 
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operational attributes (flexibility, torque control) of particular regions along the 
Sheath Catheter. 

The middle layer of the shaft system of an embodiment includes braided 
filaments, such as stainless steel wire, Nitinol wire, Kevlar or Dacron fiber, but is not 
5 so limited. The braided filaments form a mesh tube that serves as a supporting 

structural component to provide hoop strength to the shaft system. The filaments used 
to produce this mesh tube include at least one of flat, square, and round 
configurations, as well as combinations of these filaments. The number of individual 
filaments may practically vary from approximately eight (8) to 32 (thirty-two) 

10 filaments, but are not necessarily so limited. 

Any filament material can be used that provides the required hoop strength to 
maintain the tubular configuration of the catheter shaft. The number of filaments per 
inch (pics) may be adjusted to be consistent along the entire length of the catheter 
shaft, or the pics may be varied to set the desired operational attributes (flexibility, 

15 torque control) of the catheter. Generally, lower pic counts are associated with less 
torque control, greater flexibility and less hoop strength. Alternatively, higher pic 
counts are associated with greater torque control, less flexibility and greater hoop 
strength. In an embodiment the number of pics may range from approximately 80 to 
120 pics per inch. 

20 The outer polymer layer of the shaft system forms the exterior surface of the 

Sheath Catheter. This polymer is selected from a variety of commonly used polymers 
in the medical device field including at least one of nylons, polyurethanes, 
polyethylenes, polyimides, Pebax, Grilamids or carbothanes, but the outer polymer 
layer is not so limited. Material of the outer polymer layer is selected to set the 

25 desired operational attributes (flexibility, torque control) of the catheter. The polymer 
of the outer layer may be chosen to be of the same material and durometer throughout 
the length of the Sheath Catheter, or the outer layer of polymer can be chosen to 
provide varying operational characteristics for different regions or sections of the 
catheter shaft. 

30 Specifically, relative to proximal sections of the catheter shaft, the distal 

section of the catheter shaft may generally require a greater degree of flexibility to 
facilitate tracking through vascular tortuosity (especially coronary). Alternatively, the 
proximal section of the catheter shaft can require greater push and torque control 
characteristics to facilitate advancing the catheter further distally in the vasculature. 
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To accomplish these operational attributes, polymers of varying durometers are 
selected for the proximal and distal sections of the catheter. For example, lower 
durometer polymers form one or more distal sections of the catheter shaft to facilitate 
flexibility, and higher durometer polymers form one or more proximal sections of the 
5 catheter shaft to facilitate push and torque control. Another material which serves 
more specifically to support push and torque control at the proximal section of the 
catheter is polyimide, which cannot typically be re-formed using heat, as can the 
aforementioned thermoform polymers. 

During fabrication of the main shaft of a Sheath Catheter that includes an 
10 inner polymer, a tubular braid and an outer polymer laminate as described above, the 
outer surface of the inner polymer liner and inner surface of the outer polymer 
laminate are physically connected or bonded to each other. This connection takes 
place between the cross-over points of the braid wire that forms the braided tubular 
member. The physical bonding of these two surfaces through the braided tubular 
15 member produces a unified construction of the Sheath Catheter shaft. However, a 
challenge exists in that the materials used for the inner liner of an embodiment, 
namely polytetrafluoroethylene (PTFE), high density polyethylene (HDPE) or low 
density polyethylene (LDPE) are all very resistant to bonding to other polymers. 
In a first embodiment, this challenge is overcome when using PTFE as the 
20 irmer liner by etching the outer surface of the PTFE tube with an acid to produce 
microscopic interstices on the surface into which the outer polymer laminate may 
bond. If Pebax or nylons are used for the outer laminate, the processing temperature 
may range from approximately 400 degrees Fahrenheit (F) to 450 degrees F, which is 
sufficient to flow these polymers, but will not be so hot as to flow the PTFE liner, nor 
25 the interstices present on the outer surface of the inner. During lamination of the 
outer polymer onto the Sheath Catheters shaft, the outer polymer laminate flows 
through or between the cross-over points of the braid wire and onto the outer surface 
of the inner PTFE liner. The thickness of the outer polymer laminate is adjusted so 
that the braid wire is then completely contained within the outer laminate, and the 
30 outer polymer laminate forms a smooth uninterrupted surface. During the cooling 
process of lamination, the inner surface of the outer polymer becomes "locked" into 
the interstices of the inner polymer liner, thus connecting the two polymers between 
the braid wire. 
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In an alternative embodiment in which the inner polymer liner is composed of 
high density or low density polyethylene, the Sheath Catheter shaft can be laminated 
with either of the same materials. Since these materials have common melting 
temperatures, the inner polymer liner and outer polymer laminate will bond easily to 
5 each other, producing a unified shaft construction. 

The shaft system of an embodiment includes a distal fluoroscopic marking 
system to indicate the distal end of the catheter when being viewed under fluoroscopy. 
One type of marking system includes a platinum ring (wall thickness typically 
approximately 0.001 to 0.002 inches; length typically approximately 0.5 mm to 2 
10 mm) embedded within the polymers at the distal end of the catheter. Alternatively, 
the ring is fabricated from stainless steel and coated with gold. The ring is placed on 
either the inside or outside of the braided tubular mesh, and laminated with either the 
inner layer polymer or the outer layer polymer. 

An alternative marking system uses a platinum coil. The platinum coil is 
15 placed in a similar manner to the platinum band described above, but is not so limited. 

Another alternative marking system uses radiopaque adhesives or compounds 
printed onto the surface of either the inner polymer, the braided tubular mesh, or the 
outer polymer. These adhesives typically employ the use of tantalum, bismuth, gold, 
silver or platinum, but are not so limited. 
20 Yet another alternative marking system includes a gold coating. The gold 

coating is positioned over the distal section of the tubular mesh, but may be 
positioned differently in alternative embodiments. 

Still another alternative marking system includes use of fluoroscopic material 
in materials of the shaft system (bismuth for example). In one embodiment, the 
25 fluoroscopic material is impregnated into the structural polymers which laminate the 
distal end of the Sheath Catheter. 

Regarding the external lubricious coating of the shaft system described above, 
the surface of the outer polymer may be coated with a lubricious material such as a 
silicone dispersion or, alternatively, a hydrophilic coating (Surmodics). Whereas the 
30 interior surface of diseased vessels may contain fibrotic material, calcium, and/or the 
inner diameter of the vessel may be greatly reduced, the coating acts to further 
facilitate delivery of the catheter through the vasculature by reducing friction between 
the catheters external surface and the interior surface of the vessel. 
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The proximal female hub of the Sheath Catheter system includes a 
standardized luer connector. The luer connector supports connection to other 
standardized interventional devices; for example, a syringe couples to this hub to 
flush the catheter prior to use. The proximal hub is fabricated of a number of 
5 polymers commonly used in medical devices, an example of which is polycarbonate. 

The Sheath Catheter of an embodiment has an outer diameter in a range of 
approximately 0.050 to 0.070 inches, but is not so limited. A nominal outside 
diameter is approximately 0.0560 inches. 

The Sheath Catheter of an embodiment has an inner diameter in a range of 

10 approximately 0.035 to 0.050 inches, but is not so limited. A nominal inner diameter 
is approximately 0.040 inches. 

The Sheath Catheter of an embodiment has a working length in a range of 
approximately 80 cm to 150 cm, but is not so limited. A nominal working length is 
approximately 130 cm. 

1 5 The catheter fabrication process of an embodiment includes polymers of the 

inner and/or outer layers that flow within the spaces in the braided tubular mesh 
(middle layer). In this manner the inner polymer fuses with the outer polymer, 
forming bridges across the mesh tube. This produces an integral shaft lamination that 
provides increased strength, torque control and reliability to the shaft construction. 

20 As described above, the polymers forming the catheter shaft of an embodiment 

include polymers of varying durometers that allow for tailoring of specific operational 
attributes of different sections of the catheter shaft. Further, the grading of the 
polymers from the proximal to the distal end of the catheter may incrementally 
decrease. As an example, a proximal region of the catheter shaft (the proximal most 

25 approximately 80cm) is laminated with Grilamid, followed by a region (length 

approximately 8 cm) of 73D Pebax, followed by a region (length approximately 8 cm) 
of 63D Pebax, followed by a region (length approximately 5 cm) of 55D Pebax. In 
this manner, the transition from one polymer to the next is gradual, and the flexibility 
of the catheter shaft gradually increases, 

30 Figure 3a is a catheter system including a Sheath Catheter 300 and a Sheath 

Introducer 350, under an embodiment. The Sheath Catheter 300 and Sheath 
Introducer 350 are shown as a system, but are not so limited. In this configuration, 
the system is trackable over a conventional guide wire, via a central lumen 365 of the 
Sheath Introducer 350, to deliver the Sheath Catheter distal end 330 proximate to the 
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site of a vascular occlusion. The Sheath Introducer 350 is shown with the hub 360 
retracted proximally for visual clarity of the components. During use however, the 
Sheath Introducer hub 360 can be press fit into the Sheath Catheters hub 310, locking 
the Sheath Catheter 300 and Sheath Introducer 350 together. In this configuration, a 
5 distal segment 380 of the Sheath Introducer 300 extends from the Sheath Catheter 
distal end 330 by approximately 0.5 cm to 5cm, but is not so limited. Following 
tracking over a conventional guide wire to the target vascular site, the guide wire and 
Sheath Introducer 350 are removed, leaving the distal end of the Sheath Catheter 330 
in place proximal to the vascular occlusion where it is positioned to serve as the 

10 conduit through which another catheter like the Blunt Dissection Catheter 100 can be 
delivered to the vascular occlusion. 

Although the Sheath Catheter 300 is described as working in conjunction with 
a Blunt Dissection Catheter 100, once in place at the vascular site the Sheath Catheter 
300 can be used to deliver other types of catheter systems or apparatus known in the 

15 art which are dimensionally compatible with the Sheath Catheter 300. As an 

example, conventional guide wires may be delivered first, if desired, in an attempt to 
first cross the occlusion prior to usage of the Blunt Dissection Catheter 100. If the 
guide wire is unsuccessfiil in crossing the occlusion, the guide wire may be removed, 
and the Blunt Dissection Catheter 100 may be advanced within the Sheath Catheter 

20 300 for use in crossing the occlusion. 

Figure 3b is a longitudinal cross-section of a distal segment of a Sheath 
Catheter 300, under an embodiment. The shaft of the Sheath Catheter 300 includes an 
inner polymer liner 303 over which wire 302 is braided. The shaft is then laminated 
with another polymer (304-309), As an operational objective of the Sheath Catheter 

25 300 is to provide a very flexible distal segment, the outer polymer laminate may be 

graded from relatively higher durometer polymers in the proximal section to relatively 
lower durometer polymers in the distal section. As an example, the shaft includes six 
separate outer laminates in sections 304 through 309. The outer laminate of section 
304 is fabricated using Pebax 63D, followed by the outer laminate of section 308 that 

30 is fabricated of a lower durometer polymer, possibly Pebax 55D, followed by the 
outer laminate of section 307 that is Pebax 40D, and so on, gradually decreasing the 
durometer of the outer laminate polymer until the distal segment 330 of the Catheter 
Sheath 300 is reached. While six graded polymers are described in this embodiment. 
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a lesser or gi eater number of polymers can be used to provide the correct physical 
attributes for the shaft. 

Another material for use in the catheter shafts of alternative embodiments 
includes polyethylene, where the polyethylene is graded as appropriate to the intended 
5 use of the catheter system. In another embodiment, polymer types can be alternated 
to achieve the appropriate flexibility. 

The inner polymer layer 303 of an embodiment includes a highly lubricious 
material since the inner lumen of the Sheath Catheter 300 is used to shuttle other 
devices. The inner liner 303 can be fabricated of polytetrafluoroethylene (PTFE) or 

10 high density polyethylene (HDPE) as examples, but is not so limited. The durometer 
of the inner liner 303 may also be graded as described above to provide the 
appropriate degree of flexibility. As an example, low density polyethylene (LDPE) 
might be used in the most distal segment 330 of the Sheath Catheter 300 to provide a 
higher degree of flexibility than HDPE. 

1 5 The choice of braiding materials depends upon the torque control, flexibility, 

hoop strength and wall thickness appropriate to a specific application. For example, 
the braid wire can be 0.001 inch by 0.003 inch flat stainless steel wire as an example. 
The braid wire can also be 0.002 inch round wire. Round braid wire affords a higher 
degree of overall flexibility, hoop strength and torque control to the Sheath Catheter 

20 shaft construction. However, the round wire generally results in a catheter shaft 
having a greater overall wall thickness as compared to the flat wire version. 
Alternative braid materials can also be used such as Dacron fibers, or other suitable 
polymers; these alternative materials generally do not afford the same degree of toque 
control or hoop strength but can increase the overall flexibility of the Sheath Catheter 

25 shaft. 

The lay-up of the distal segment 330 of the Sheath Catheter 300, including the 
atraumatic tip 3 10 and fluoroscopic marker band 3 1 1 is as follows. The fluoroscopic 
marker band 3 1 1 is affixed to the Sheath Catheter shaft in numerous ways. In one 
embodiment the marker band 3 1 1 is external to the wire braiding 302, but is 
30 laminated over with the outer polymer layer 309. The marker band 3 1 1 is thus 

encapsulated within the outer polymer lamination, which provides a smooth surface to 
the distal segment 330 of the Sheath Catheter. Continuing with this embodiment, the 
distal end of the wire braiding 302 and the distal end of the marker band 311 can also 
terminate concurrent with each other. Additionally, the inner polymer liner 303 may 
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extend from approximately 1 mm to 10 mm beyond the end of the marker band 311 
and braid wire 302, but is not so limited. To complete the fabrication, the outer 
polymer 309 is continued distally over the marker band 31 1 to form an atraumatic 
polymer tip 3 10 that terminates concurrent with the distal end of the inner liner 303. 
5 Thus, the length of the atraumatic tip 3 10 is equal to the length the inner polymer liner 
303 and outer polymer laminate 309 extended beyond the marker band 311. 

The shape of the atraumatic tip 3 1 0 is completed by rounded or tapering the 
distal annular edge of the outer polymer laminate. This process is commonly referred 
to as tip-forming and may be performed by placing the fabricated assembly in a 

10 heated glass mold, the internal contour of which has been fashioned with the final 
desired tip shape. When placed in the mold, the outer laminate is heated to allow the 
outer laminate to just begin to soften and take the interior shape of the mold. The 
catheter tip 3 10 remains in the mold while the mold cools, setting the atraumatic 
tapered or rounded shape into the distal tip 3 10 of the Sheath Catheter 300. Upon 

1 5 completion of the cooling, the catheter tip 3 10 is removed from the mold. Methods to 
locally heat the mold may be via conventional convection heating, or alternatively, 
radio frequency energy may be used to locally heat the atraumatic tip 310, 

The dimensions of the makerband(s) may generally range fi-om approximately 
0.05 mm to 3 mm in length, and from 0.001 to 0.003 inches in thickness, but are not 

20 so limited. Marker band(s) may be fabricated from a variety of materials. One 

material that provides suitable fluoroscopic imaging is platinum, or an alloy such as 
platinum-iridium, or platinum-tungsten. Alternatively, the marker band(s) are 
fabricated of stainless steel and gold coated. At the dimensions stated, stainless steel 
itself does not provide suitable fluoroscopic imaging, and thus it is coated with a more 

25 fluoroscopic material such as gold to provide a suitable fluoroscopic image. A layer 
of gold coating of approximately 0.0005 to 0.002 inches generally provides an 
adequate fluoroscopic image. 

Figure 3c is a longitudinal cross-section of a distal end of a Sheath Catheter 
300, under an alternative embodiment. This embodiment includes two makerbands, 

30 an inner marker band 312 and an outer marker band 311. The inner marker band 312 
is underneath the braid wire 302 and butts against a proximal section of inner polymer 
liner 303 and a distal section of polymer liner 304, A second marker band 31 1 is 
external to the braid wire 302, In this fashion, the braid wire 302 is sandwiched 
between the two marker bands, and this area may fiirther be soldered, glued or welded 
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to provide a secure connection of the marker bands 3 1 1/3 12 to the braid wire 302. As 
described above, the braid wire and marker bands may have a common distal 
temiination point. Likewise, the proximal ends of the marker bands 311/312 may also 
have a common proximal termination point. Alternatively, the distal and/or proximal 
5 ends of either marker band may be proximal to, or distal to, the corresponding distal 
and/or proximal end of the other marker band. Further describing this alternative 
embodiment, the inner polymer liner 304 and outer polymer liner 310 can also be 
extended beyond the distal end of either marker band to provide an atraumatic tip as 
described above. 

10 Figure 3d is a longitudinal cross-section of a distal end of a Sheath Catheter 

300, under another alternative embodiment. The inner polymer liner 303 is 
terminated concurrent with the distal end of either maker band(s), and the outer 
polymer laminate 309 extends distally beyond the marker band(s) to form the 
atraumatic tip 3 10. This embodiment may also be fabricated with the use of only one 

15 marker band 311, residing on the outside of the braid wire 302, as described above. 

Figure 3e is a longitudinal cross-section of a distal end of a Sheath Catheter 
300, under yet another alternative embodiment. The distal end includes an inner 
marker band 312 and outer marker band 3 11 as described above. However, the inner 
marker band 312 is extended distally beyond the distal end of the outer marker band 

20 311, This extension provides a circumferential landing for the attachment of a pre- 
formed metallic or polymer nosecone. A metallic nosecone may be welded or glued 
to the inner marker band 3 12, or alternatively, a polymer nosecone may be glued to 
the iimer marker band 3 12 extension as well. The inner liner 303 may extend distally 
to terminate concurrently with the nosecone, 

25 Figure 3f is a longitudinal cross-section of a proximal hub of a Sheath 

Catheter 300, under an embodiment. The proximal hub 3 10 is fabricated using at 
least one of polycarbonate, nylons and other injection moldable polymers, but is not 
so limited. The proximal hub 310 may be connected to the Sheath Catheter proximal 
shaft 320 via one of gluing, insert molding and thermal bonding. The proximal hub 

30 310 has a proximal luer connector for connection to other devices such as syringes 
(for flushing the catheter with- saline before use, for example). The proximal luer 
also includes a lead-in area 318 that gradually tapers the proximal opening of the luer 
into the proximal lumen 375 of the Sheath Catheter, The lead-in 318 allows easy 
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introduction of the Sheath Introducer 350 or Blunt Dissection Catheter 100 into the 
Sheath Catheter 300. 

The Sheath Catheter 300 described above inchides a uniform inner diameter 
that has a high tolerance fit to the outer diameter of the Blunt Dissection Catheter 100. 
5 The Sheath Catheter of an alternative embodiment includes a distal segment of the 
Sheath Catheter shaft having a high tolerance fit to the outer diameter of the Blunt 
Dissection Catheter 100, and proximal to this segment, the inner diameter of the 
Sheath Catheter may be increased slightly. This configuration provides more annular 
space between the Blunt Dissection Catheter and the Sheath Catheter to provide 
10 improved overall movement of the Blunt Dissection Catheter v^ithin the Sheath 
Catheter. 

Lengths of the distal segment having a high tolerance fit to the outer diameter 
of the Blunt Dissection Catheter 100 have a wide range, wherein the lower limit 
includes only the distal-most 1 cm of the Sheath Catheter 300, and the upper limit 

1 5 approaches the entire length of the Sheath Catheter 300. A practical range for the 
distal segment of the Sheath Catheter having a high tolerance fit to the Blunt 
Dissection Catheter is approximately 5 cm to 20 cm. The increase in diameter may be 
on the order of 0,002 to 0.015 inches, but is not so limited. As a practical example, 
the inner diameter of the distal segment of the Sheath Catheter has a nominal diameter 

20 of approximately 0.042 inches, and the inner diameter proximal to the distal segment 
can be increased to 0.045 or 0.047 inches. This small increase in annular space can 
provide significant improvement in movement. However, in both embodiments 
described, it is desirable to maintain an intimate, high tolerance fit between the distal 
segment of the Sheath Catheter and the Blunt Dissection Catheter to provide the low 

25 possible profile at the distal end of the integrated system. 

Figure 4a is a longitudinal cross-section of an Sheath Introducer proximal 
hub, under an embodiment. Figure 4b is a longitudinal cross-section of an Sheath 
Introducer distal segment in a tapered configuration and including a fluoroscopic 
marker band, under an embodiment. Figure 4c is a longitudinal cross-section of an 

30 Sheath Introducer distal segment in a rounded configuration and including a 
fluoroscopic marker band, under an embodiment. 

With reference to Figures 4a, 4b, and 4c, the Sheath Introducer includes the 
hub 360, the shaft 370 and the fluoroscopic marker band 385. The Sheath Introducer 
350 is configured to be inserted inside the Sheath Catheter 300 such that, with full 
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insertion, the distal segment of the Sheath Introducer shaft 370 extends beyond the 
distal end of the Sheath Catheter 300 by approximately 0.5 cm to 5 cm, but is not so 
limited, and the Sheath Introducer proximal hub 360 is press fit into the Sheath 
Catheters proximal hub 310, The Sheath Introducer shaft 370 outer diameter is 
5 configured to provide an intimate fit to the inner diameter of the Sheath Catheter 300, 
as described above for the fit between the Blunt Dissection Catheter 100 and the 
Sheath Catheter 300. 

As an assembly, the Sheath Introducer/Sheath Catheter can be tracked over a 
guide v^ire to the appropriate vascular site via the Sheath Introducers central ^ide 
1 0 wire lumen 365. As described previously, the Sheath Catheter 300 generally may not 
be tracked on its own over a guide wire, since the inner diameter of the Sheath 
Catheter 300 has a nominal diameter of approximately 0.042 inches and a 
conventional coronary guide wire has a diameter of approximately 0.014 inches. 
Thus a large annular gap would exist, exposing the leading edge of the Sheath 
1 5 Catheter against the vessel wall. The Sheath Introducer provides the physical 
interface between the guide wire and Sheath Catheter 300, filling the annual gap 
between the two catheters. 

The Sheath Introducer shaft 370 of an embodiment includes lubricious 
materials that improve tracking over the guide wire, and ease the retraction of the 
20 Sheath Introducer 350 from the Sheath Catheter 300 once the system has been 
advanced to the appropriate vascular site. Suitable lubricious materials include 
polytetrafluoroethylene (PTFE), high density polyethylene (HOPE) or low density 
polyethylene (LDPE). Typical dimensions of the Sheath Introducer shaft include an 
inner diameter of approximately 0.016 to 0.022 inches, and an outer diameter of 
25 approximately 0.039 to 0.043 inches, but the embodiment is not limited to these 

dimensions. Upon Ml insertion of the Sheath Introducer 350 into the Sheath Catheter 
300, a pre-determined distal segment of the Sheath Introducer shaft 370 extends 
beyond the distal end of the Sheath Catheter 300 as described above. This length 
allows a smooth transition from the Sheath Introducer 350 to the Sheath Catheter 300 
30 and facilitates trackmg over the guide wire. 

The proximal hub 360 is shown connected to the Sheath Introducer shaft 370, 
with reference to Figure 4a. The proximal hub 360 is formed using at least one of 
polycarbonate, nylon and other suitable injection moldable polymers. The proximal 
hub 360 includes a proximal luer fitting 362 used to connect to conventional devices 
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such as a syringe used to flush the lumen 365 with saline prior to usage. The 
proximal hub 360 also includes a guide wire lead-in 367 that provides a smooth 
transition from the proximal opening of the hub 360 to the proximal lumen of the 
shaft 370, and allows the easy advancement of the guide wire into the Sheath 
5 Introducer 350. The guide wire lead-in 367 may also be formed using at least one of 
polycarbonate, nylon and other suitable injection moldable polymers. The proximal 
hub 360, guide wire lead-in 367 and shaft 370 are connected using one of a 
combination of gluing, insert molding and thermal bonding. Alternatively, the guide 
wire lead-in 367 and the proximal hub form a one-piece component. 

10 Referring to Figures 4b and 4c, the distal end of the Sheath Introducer shaft 

370 includes a fluoroscopic marker band 385. The marker band is imbedded in or 
coupled to the wall of the Sheath Introducer shaft 370 via several embodiments. In a 
first embodiment, as shown in Figures 4b and 4c, the marker band 485 is swaged into 
the body of the Sheath Introducer shaft 370 such that the external surface of the . 

1 5 marker band 385 is flush with the outer surface of the Sheath Introducer shaft 370. 
This provides an adequate physical lock of the marker band within the Sheath 
Introducer shaft 370, requiring minimal overall thickness of the Sheath Introducer 
shaft 370. A nominal polymer thickness that covers the marker band is on the order 
of approximately 0.002 to 0.004 inches, but is not so limited. 

20 In a second embodiment the interior surface of the marker band 385 and the 

interior surface of the Sheath Introducer shaft 370 are flush. This embodiment uses 
an equal thicloiess of Sheath Introducer shaft 370. In a third embodiment, the marker 
band 385 is completely contained within the body of the Sheath Introducer shaft 370, 
and a thin layer of polymer covers both the inside surface and outside surface of the 

25 marker band 385. The thickness of this layer ranges fi-om approximately 0.001 to 
0.003 inches, but is not so limited. 

The distal end of the Sheath Introducer can terminate in a tapered shape or a 
rounded shape. The shape of the tip is heat-formed in a manner similar to that 
described for the distal termination of the Sheath Catheter 300. These shapes 

30 provide a smooth transition for the guide wire to the Sheath Introducer distal end, and 
assist in tracking the distal end of the Sheath Introducer over a guide wire, especially 
in tight heavily diseased vessels. 

The Blunt Dissection Catheter described above can be any of a number of 
catheters and/or working elements. As examples, complete descriptions of 
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representative Blunt Dissection Catheters are found in United States Patent numbers 
5,968,064, 6,508,825, 6,599,304, and 6,638,247, as well as United States Patent 
Application Publication number US-2004-0077999-A1 and United States Patent 
Application number 09/835,043. Figure 5a is a working element 500 of a Blunt 
5 Dissection Catheter showing two spreading members 506/508 in an open 

configuration, under an embodiment. The working element 500 is but one example of 
working element 120 described above with reference to Figure 1 and the sequence 
of Figures 2a-2i and the embodiment is not so limited. Figure 5b is a working 
element 500 of a Blunt Dissection Catheter showing two spreading members 506/508 

10 in a closed configuration, under an embodiment. Figure 5c is an exploded view of a 
working element 500 of a Blunt Dissection Catheter, under an embodiment. 

Referring to Figure 5c, the working element 500 includes a base section 502, 
an actuation assembly 504, a first spreading member 506, and a second spreading 
member 508. The hinge pins 510 couple the first 506 and second 508 spreading 

1 5 members to the actuation assembly 504 and the base section 502. The hinge pins 510 
support rotation of a distal end of each of the first 506 and second 508 spreading 
members around a proximal end of the spreading members 506/508 during 
deployment of the spreading members 506/508 as described above. The clevis pins 
512 couple the actuation assembly 504 to each of the spreading members 506/508. 

20 Consequently, the coupling between the actuation assembly 504, the hinge pins 5 1 0, 
the clevis pins 5 12, and the spreading members 506/508 allows for the conversion of 
a linear actuation force 514 applied to the actuation assembly 504 into the radial 
motion of the respective spreading members around the respective hinge pins 510. 
In operations as described above, the working element 500 is placed into 

25 contact or approximate contact with a vascular occlusion and/or blood vessel wall to 
facilitate the disruption of the vascular occlusion. An actuation force 514, including 
one exerted linearly in a proximal direction, is applied to the actuation assembly 504, 
converted into a spreading or mechanical force and motion (e.g., outward radial force 
and motion with respect to the spreading members 506/508 respective hinge pin 510) 

30 and then exerted by the spreading members 506/508 on the vascular walls. The 

spreading or mechanical force applied to the vascular occlusion and/or a blood vessel 
wall tears, fractures or otherwise disrupts, a vascular occlusion without damaging the 
surrounding blood vessel wall. As described above, the contmued linear disruption of 
the vascular occlusion generates a channel or passageway of sufficient size for the 
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passage of the working element 500 and the catheter system to cross the occlusion. A 
guide wire or other catheter Icaown in the art can then be advanced within the 
dissected occlusion for elective medical procedures. 

Interventional catheter-based systems and methods described above for use in 
5 generating an initial pathway through vascular occlusions include a catheter system 
comprising: a catheter shaft including a braided tubular member, wherein at least one 
inner polymer liner couples to an inside surface of the braided tubular member, 
wherein at least one outer poljmer laminate couples to an outside surface of the 
braided tubular member, wherein polymer materials of the outer polymer laminate are 
1 0 interspersed through the braided tubular member and connect (alternatively referred to 
as laminate and/or bond) into interstices of an outside surface of the inner polymer 
liner; and at least one lumen in the catheter shaft. 

The outer polymer laminate of an embodiment includes a plurality of 
polymers that each form one or more sections along a length of the catheter shaft. 
1 5 The durometer values of sections along a length of the catheter shaft of an 

embodiment decrease longitudinally towards a distal end of the catheter shaft. 

The outer polymer laminate of an embodiment fiirther comprises a plurality of 
polymers. One or more of the polymers have different durometer values, wherein 
each of the plurality of polymers forms one or more discrete regions of the outer 
20 polymer laminate. The polymers with relatively lower durometer values form discrete 
regions of a distal end of the outer polymer laminate and pol5aners with relatively 
higher durometer values form discrete regions of a proximal end of the outer polymer 
laminate, wherein distal regions of the catheter shaft have a relatively higher degree of 
flexibility than proximal regions of the catheter shaft. The plurality of polymers of an 
25 embodiment includes six polymers. 

A distal termination of the catheter shaft lumen of an embodiment forms an 
annular opening at a distal end of the catheter shaft. The annular opening comprises a 
polymer forming an atraumatic tip, but is not so limited. The atraumatic tip can be a 
single polymer having a tapered distal region. The atraumatic tip can be a single 
30 polymer having a rounded distal region. The atraumatic tip can be comprised of an 
inner polymer and an outer polymer. 

The catheter shaft of an embodiment includes a fluoroscopic marker system. 
The fluoroscopic marker system includes a first marker region external to the braided 
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tubular member. The fluoroscopic marker system of an embodiment includes a 
second marker region internal to the braided tubular member. 

The catheter system of an embodiment further comprises a sheath introducer 
including a member having a proximal and a distal end and forming a single lumen 
5 configured to track over a guide wire, wherein the member is configured to be 

inserted into the catheter shaft, wherein a distal region of the member extends beyond 
a distal end of the catheter shaft when the member is fully inserted. The sheath 
introducer of an embodiment further comprises at least one hub on the proximal end, 
the hub configured to lock into a hub on a proximal end of the catheter shaft when the 

10 sheath introducer is fully inserted into the catheter shaft. The sheath introducer can 
also include a fluoroscopic marker system in a distal region of the member. 

Interventional catheter-based systems and methods described above for use in 
generating an initial pathway through vascular occlusions also include a catheter 
system comprising: a catheter shaft including a braided tubular member, wherein at 

1 5 least one inner polymer liner couples to an inside surface of the braided tubular 

member, wherein at least one outer polymer laminate couples to an outside surface of 
the braided tubular member, wherein polymer materials of the outer polymer laminate 
are interspersed through the braided tubular member and connect (laminate, bond) 
into interstices of an outside surface of the inner poljoner liner, wherein the inner 

20 polymer liner forms a lumen in the catheter shaft; and an introducer including a 
member having a proximal end and a distal end and forming a single lumen 
configured to track over a guide wire, wherein the member is configured to be 
inserted into the catheter shaft, wherein a distal region of the member extends beyond 
a distal end of the catheter shaft when the member is fully inserted, 

25 The introducer of an embodiment further comprises at least one hub on the 

proximal end, the hub configured to lock into a hub on a proximal end of the catheter 
shaft when the introducer is fully inserted into the catheter shaft. 

At least one of the catheter shaft and the introducer of an embodiment include 
a fluoroscopic marker system in a distal region of the member. 

30 The outer polymer laminate of an embodiment further comprises a plurality of 

polymers. One or more of the polymers can have different durometer values, wherein 
each of the plurality of polymers forms one or more discrete regions of the outer 
polymer laminate. The polymers with relatively lower durometer values form discrete 
regions of a distal end of the outer polymer laminate and polymers with relatively 
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higher durometer values form discrete regions of a proximal end of the outer polymer 
laminate, wherein distal regions of the catheter shaft have a relatively higher degree of 
flexibility than proximal regions of the catheter shaft. 

Interventional catheter-based systems and methods described above for use in 
5 generating an initial pathway through vascular occlusions fiirther include a catheter 
system comprising: a sheath catheter comprising a catheter shaft with at least one 
lumen and terminating to form an annular opening at a distal end of the catheter shaft; 
and an intravascular tissue expanding catheter comprising, a catheter including a 
distal end and a longitudinal axis having at least one conduit extending along the 

10 longitudinal axis, a housing formed at the distal end of the catheter shaft wherein the 
housing includes at least one deflecting member defined by a proximal end pivotally 
coupled to the catheter shaft and a free distal tip that moves through an arc away from 
the longitudinal axis of the shaft to expand vascular tissue, wherein the at least one 
deflecting member includes an integrally formed hinge, and an actuation assembly 

1 5 positioned along the catheter shaft to move the distal tip of at least one deflecting 
member away from the longitudinal axis of the catheter shaft. 

The deflecting member of an embodiment includes one or more hinges. 
The actuation assembly of an embodiment includes a pulling element coupled 
to the at least one deflecting member. The deflecting member of an embodiment is 

20 connected to the housing with at least one hinge pin to form at least one hinge that 
supports rotation of the at least one deflecting member when the pulling element is 
pulled in a relatively proximal direction. 

The durometer values of materials forming the catheter shaft of the sheath 
catheter decrease longitudinally towards the distal end, but are not so limited. 

25 The catheter shaft of the sheath catheter of an embodiment further comprises a 

braided tubular member, wherein at least one inner polymer liner couples to an inside 
surface of the braided tubular member, wherein at least one outer polymer laminate 
couples to an outside surface of the braided tubular member, wherein polymer 
materials of the outer polymer laminate are interspersed through the braided tubular 

30 member and connect (laminate, bond) into interstices of an outside surface of the 
inner polymer liner. The outer polymer laminate of an embodiment includes a 
plurality of polymers that each form one or more sections along a length of the 
catheter shaft. One or more of the polymers of an embodiment have different 
durometer values, wherein each of the plurality of polymers forms one or more 
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discrete regions of the outer polymer laminate. The polymers with relatively lower 
durometer values form discrete regions of a distal end of the outer polymer laminate 
and polymers with relatively higher durometer values form discrete regions of a 
proximal end of the outer polymer laminate, wherein distal regions of the catheter 
5 shaft have a relatively higher degree of flexibility than proximal regions of the 
catheter shaft. 

The annular opening of an embodiment comprises a pol3raer forming an 
atraumatic tip. The ati'aumatic tip can be a single polymer having a tapered distal 
region. The atraumatic tip can be a single polymer having a rounded distal region. 
10 The atraumatic tip can be comprised of an inner polymer and an outer polymer. 
The catheter shaft of the sheath catheter of an embodiment includes a 
fluoroscopic marker system. The fluoroscopic marker system includes at least one of 
a first marker region external to the braided tubular member and a second marker 
region internal to the braided tubular member. 

1 5 The catheter system of an embodiment ftirther comprises a sheath introducer 

including a member having a proximal and a distal end and forming a single lumen 
configured to track over a guide wire, wherein the member is configured to be 
inserted into the catheter shaft of the sheath catheter, wherein a distal region of the 
member extends beyond a distal end of the catheter shaft when the member is fiilly 

20 inserted. The sheath introducer of an embodiment ftirther comprises at least one hub 
on the proximal end, the hub configured to lock into a hub on a proximal end of the 
catheter shaft of the sheath catheter when the sheath introducer is fiiUy inserted into 
the catheter shaft. The sheath introducer of an embodiment ftirther comprises a 
fluoroscopic marker system in a distal region of the member. 

25 Interventional catheter-based systems and methods described above for use in 

generating an initial pathway through vascular occlusions include a method of 
crossing an occlusion, comprising: assembling a catheter system by loading a blunt 
dissection catheter into a sheath catheter; advancing the catheter system to a vascular 
site and positioning at least one spreading member of the blunt dissection catheter 

30 adjacent to the occlusion; applying a fracturing force to tissue of the blood vessel and 
the occlusion by moving a distal end of the at least one spreading member laterally 
away from a longitudinal center line of the blunt dissection catheter by deflecting a 
distal end of the spreading member around a proximal end of the spreading member in 
response to a spreading force; disrupting material of the occlusion and generating a 



33 



wo 2005/004965 



PCT/US2004/018538 



path through the disrupted material in response to the applied fracturing force; and 
advancing at least one of the blunt dissection catheter and the sheath catheter through 
material of the occlusion using the generated path so that at least one of the blunt 
dissection catheter and the sheath catheter crosses through the material of the 
5 occlusion and the material of the occlusion remains external to the catheter system. 
The method of an embodiment further comprises advancing the sheath 
catheter past the occlusion before removing the blunt dissection catheter from the 
blood vessel. 

The method of an embodiment further comprises advancing a guide wire 
10 through the displaced occlusion using the sheath catheter after removing the blunt 
dissection catheter and before removing the sheath catheter. 

The method of an embodiment further comprises selecting and advancing a 
guide wire across the vascular occlusion within the blood vessel. 

The method of an embodiment further comprises advancing the sheath 
1 5 catheter past the occlusion before removing the blunt dissection catheter and before 
advancing a guide wire through the sheath catheter. 

The method of an embodiment further comprises advancing a guide wire 
across the occlusion using the sheath catheter after advancing the sheath catheter past 
the occlusion. 

20 Interventional catheter-based systems and methods described above for use in 

generating an initial pathway through vascular occlusions further include a method of 
crossing an occlusion, comprising: advancing a first guide wire within a blood vessel 
of vasculature to the occlusion; assembling a catheter system by loading a sheath 
introducer into a sheath catheter; advancing the catheter system over the first guide 

25 wire so that a distal end of the system is in proximity to the occlusion; removing the 
first guide wire and sheath introducer from the vasculature; advancing a blunt 
dissection catheter tlirough the sheath catheter to position at least one spreading 
member of the blunt dissection catheter adjacent to the occlusion; applying a 
fracturing force to tissue of the blood vessel and the occlusion by moving a distal end 

30 of the spreading member laterally away from a longitudinal center line of the blunt 
dissection catheter by deflecting a distal end of the spreading member around a 
proximal end of the spreading member in response to a spreading force; disrupting 
material of the occlusion and generating a path through the disrupted material in 
response to the applied fracturing force; and advancing at least one of the blunt 
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dissection catheter and the sheath catheter through material of the occlusion using the 
generated path so that at least one of the blunt dissection catheter and the sheath 
catheter crosses through the material of the occlusion and the material of the 
occlusion remains external to the catheter system. 
5 The method of an embodiment further comprises advancing the sheath 

catheter past the occlusion before removing the blunt dissection catheter from the 
blood vessel. 

The method of an embodiment further comprises advancing a second guide 
wire through the displaced occlusion using the sheath catheter after removing the 
10 blunt dissection catheter and before removing the sheath catheter. 

The method of an embodiment further comprises selecting and advancing a 
second guide wire across the vascular occlusion within the blood vessel. 

The method of an embodiment further comprises advancing the sheath 
catheter past the occlusion before removing the blunt dissection catheter and before 
15 advancing a second guide wire through the sheath catheter. 

The method of an embodiment further comprises advancing a second guide 
wire across the occlusion using the sheath catheter after advancing the sheath catheter 
past the occlusion. 

Unless the context clearly requires otherwise, throughout the description and 
20 the claims, the words "comprise," "comprising," and the like are to be construed in an 
inclusive sense as opposed to an exclusive or exhaustive sense; that is to say, in a 
sense of "including, but not limited to." Words using the singular or plural number 
also include the plural or singular number respectively. Additionally, the terms 
"herein," "hereunder," "above," "below," and terms of similar import, when used in 
25 this application, refer to this application as a whole and not to any particular portion 
of this application. When the word "or" is used in reference to a list of two or more 
items, that word covers all of the following interpretations of the word: any of the 
items in the list, all of the items in the list and any combination of the items in the list. 
The above description of illustrated embodiments of the catheter system is not 
30 intended to be exhaustive or to limit the catheter system to the precise form disclosed. 
While specific embodiments of, and examples for, the catheter system are described 
herein for illustrative purposes, various equivalent modifications are possible within 
the scope of the catheter system, as those skilled in the relevant art will recognize. 
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The teachings of the catheter system provided herein can be applied to other medical 
devices and systems, not only for the catheter systems described above. 

The elements and acts of the various embodiments described above can be 
combined to provide frnther embodiments of the catheter system. These and other 
5 changes can be made to the catheter system in view of the above detailed description. 

All of the above references and United States patents and patent applications 
are incorporated herein by reference. Aspects of the catheter system can be modified, 
if necessary, to employ the systems, functions and concepts of the various patents and 
applications described above to provide yet further embodiments of the system, 
1 0 In general, in the following claims, the terms used should not be construed to 

limit the catheter system to the specific embodiments disclosed in the specification 
and the claims, but should be construed to include all catheter systems and medical 
devices that operate under the claims to cross vascular occlusions. Accordingly, the 
catheter system is not limited by the disclosure, but instead the scope of the catheter 
1 5 system is to be determined entirely by the claims. 

While certain aspects of the catheter system are presented below in certain 
claim forms, the inventors contemplate the various aspects of the catheter system in 
any number of claim forms. Accordingly, the inventors reserve the right to add 
additional claims after filing the application to pursue such additional claim forms for 
20 other aspects of the catheter system. 
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Claims 

What is claimed is: 

1 1 , A catheter system comprising: 

2 a catheter shaft including a braided tubular member, wherein at least one inner 

3 polymer liner couples to an inside surface of the braided tubular member, wherein at 

4 least one outer polymer laminate couples to an outside surface of the braided tubular 

5 member, wherein polymer materials of the outer polymer laminate are interspersed 

6 through the braided tubular member and connect into interstices of an outside surface 

7 of the inner polymer liner; and 

8 at least one lumen in the catheter shaft. 

1 2. The system of claim 1, wherein the outer polymer laminate includes a plurality 

2 of polymers that each form one or more sections along a length of the catheter shaft. 

1 3, The system of claim 2, wherein durometer values of the sections decrease 

2 longitudinally towards a distal end of the catheter shaft. 

1 4. The system of claim 1, wherein the outer polymer laminate fiirther comprises 

2 a plurality of poljmers. 

1 5. The system of claim 4, wherein one or more of the polymers have different 

2 durometer values, wherein each of the plurality of polymers forms one or more 

3 discrete regions of the outer polymer laminate. 

1 6. The system of claim 5, wherein polymers with relatively lower durometer 

2 values form discrete regions of a distal end of the outer polymer laminate and 

3 polymers with relatively higher durometer values form discrete regions of a proximal 

4 end of the outer polymer laminate, wherein distal regions of the catheter shaft have a 

5 relatively higher degree of flexibility than proximal regions of the catheter shaft. 

1 7. The system of claim 4, wherein the plurality of polj^mers includes six 

2 polymers. 
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1 8. The system of claim 1, wherein a distal termination of the catheter shaft lumen 

2 forms an annular opening at a distal end of the catheter shaft. 

1 9, The system of claim 8, wherein the annular opening comprises a polymer 

2 forming an atraumatic tip. 

1 10. The system of claim 9, wherein the atraumatic tip is a single polymer having a 

2 tapered distal region. 

1 11. The system of claim 9, wherein the atraumatic tip is a single polymer having a 

2 rounded distal region. 

1 12. The system of claim 9, wherein the atraumatic tip is comprised of an inner 

2 polymer and an outer polymer. 

1 13. The system of claim 1, wherein the catheter shaft includes a fluoroscopic 

2 marker system. 

1 14. The system of claim 13, wherein the fluoroscopic marker system includes a 

2 first marker region external to the braided tubular member. 

1 15. The system of claim 14, wherein the fluoroscopic marker system includes a 

2 second marker region internal to the braided tubular member. 

1 16. The system of claim 1, fiirther comprising a sheath mtroducer including a 

2 member having a proximal and a distal end and forming a single lumen configured to 

3 track over a guide wire, wherein the member is configured to be inserted into the 

4 catheter shaft, wherein a distal region of the member extends beyond a distal end of 

5 the catheter shaft when the member is fully inserted. 

1 17. The system of claim 16, wherein the sheath introducer fiirther comprises at 

2 least one hub on the proximal end, the hub configured to lock into a hub on a 
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3 proximal end of the catheter shaft when the sheath introducer is fully inserted into the 

4 catheter shaft. 

1 18, The system of claim 16, wherein the sheath introducer further comprises a 

2 fluoroscopic marker system in a distal region of the member. 

1 19. A catheter system comprising: 

2 a catheter shaft including a braided tubular member, wherein at least one inner 

3 polymer liner couples to an inside surface of the braided tubular member, wherein at 

4 least one outer polymer laminate couples to an outside surface of the braided tubular 

5 member, wherein polymer materials of the outer polymer laminate are interspersed 

6 through the braided tubular member and connect into interstices of an outside surface 

7 of the inner polymer liner, wherein the inner polymer liner fornis a lumen in the 

8 catheter shaft; and 

9 an introducer including a member having a proximal end and a distal end and 

1 0 forming a single lumen configured to track over a guide wire, wherein the member is 

1 1 configured to be inserted into the catheter shaft, wherein a distal region of the member 

12 extends beyond a distal end of the catheter shaft when the member is fiilly inserted. 

1 20. The system of claim 19, wherein the introducer fiirther comprises at least one 

2 hub on the proximal end, the hub configured to lock into a hub on a proximal end of 

3 the catheter shaft when the introducer is fiilly inserted into the catheter shaft. 

1 21. The system of claim 1 9, wherein at least one of the catheter shaft and the 

2 introducer include a fluoroscopic marker system in a distal region of the member. 

1 22. The system of claim 19, wherein the outer polymer laminate ftirther comprises 

2 a plurality of polymers. 

1 23. The system of claim 22, wherein one or more of the polymers have different 

2 durometer values, wherein each of the plurality of polymers forms one or more 

3 discrete regions of the outer polymer laminate. 
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1 24. The system of claim 23, wherein polymers with relatively lower durometer 

2 values form discrete regions of a distal end of the outer polymer laminate and 

3 polymers with relatively higher durometer values form discrete regions of a proximal 

4 end of the outer polymer laminate, wherein distal regions of the catheter shaft have a 

5 relatively higher degree of flexibility than proximal regions of the catheter shaft. 

1 25. A catheter system comprising: 

2 a sheath catheter comprising a catheter shaft with at least one lumen and 

3 terminating to form an annular opening at a distal end of the catheter shaft; and 

4 an intravascular tissue expanding catheter comprising, 

5 a catheter including a distal end and a longitudinal axis having at least 

6 one conduit extending along the longitudinal axis; 

7 a housing formed at the distal end of the catheter shaft wherein the 

8 housing includes at least one deflecting member defined by a proximal end pivotally 

9 coupled to the catheter shaft and a free distal tip that moves through an arc away from 

1 0 the longitudinal axis of the shaft to expand vascular tissue, wherein the at least one 

1 1 deflecting member includes an integrally formed hinge; and 

12 an actuation assembly positioned along the catheter shaft to move the 

13 distal tip of at least one deflecting member away from the longitudinal axis of the 

14 catheter shaft. 

1 26, The system of claim 25, wherein the at least one deflecting member includes 

2 one or more hinges. 

1 27. The system of claim 25, wherein the actuation assembly includes a pulling 

2 element coupled to the at least one deflecting member. 

1 28. The system of claim 27, wherein the at least one deflecting member is 

2 connected to the housing with at least one hinge pin to form at least one hinge that 

3 supports rotation of the at least one deflecting member when the pulling element is 

4 pulled in a relatively proximal direction. 

1 29. The system of claim 25, wherein durometer values of materials forming the 

2 catheter shaft of the sheath catheter decrease longitudinally towards the distal end. 
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1 30, The system of claim 25, wherein the catheter shaft of the sheath catheter 

2 further comprises a braided tubular member, wherein at least one inner polymer liner 

3 couples to an inside surface of the braided tubular member, wherein at least one outer 

4 polymer laminate couples to an outside surface of the braided tubular member, 

5 wherein polymer materials of the outer polymer laminate are interspersed through the 

6 braided tubular member and connect into interstices of an outside surface of the inner 

7 polymer liner. 

1 31. The system of claim 30, wherein the outer polymer laminate includes a 

2 plurality of polymers that each form one or more sections along a length of the 

3 catheter shaft. 

1 32. The system of claim 31, wherein one or more of the polymers have different 

2 durometer values, wherein each of the plurality of polymers forms one or more 

3 discrete regions of the outer polymer laminate. 

1 33. The system of claim 32, wherein polymers with relatively lower durometer 

2 values form discrete regions of a distal end of the outer polymer laminate and 

3 polymers with relatively higher durometer values form discrete regions of a proximal 

4 end of the outer polymer laminate, wherein distal regions of the catheter shaft have a 

5 relatively higher degree of flexibility than proximal regions of the catheter shaft. 

1 34. The system of claim 25, wherein the annular opening comprises a polymer 

2 forming an atraumatic tip. 

1 35. The system of claim 34, wherein the atraumatic tip is a single polymer having 

2 a tapered distal region. 

1 36. The system of claim 34, wherein the atraumatic tip is a single polymer having 

2 a rounded distal region. 

1 37. The system of claim 34, wherein the atraumatic tip is comprised of an inner 

2 polymer and an outer polymer. 
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1 38, The system of claim 25, wherein the catheter shaft of the sheath catheter 

2 includes a fluoroscopic marker system. 

1 39. The system of claim 38, wherein the fluoroscopic marker system includes at 

2 least one of a first marker region external to the braided tubular member and a second 

3 marker region internal to the braided tubular member. 

1 40. The system of claim 25, further comprising a sheath inti'oducer including a 

2 member having a proximal and a distal end and forming a single lumen configured to 

3 track over a guide wire, wherein the member is configured to be inserted into the 

4 catheter shaft of the sheath catheter, wherein a distal region of the member extends 

5 beyond a distal end of the catheter shaft when the member is fiiUy inserted. 

1 41 . The system of claim 40, wherein the sheath introducer further comprises at 

2 least one hub on the proximal end, the hub configured to lock into a hub on a 

3 proximal end of the catheter shaft of the sheath catheter when the sheath introducer is 

4 fully inserted into the catheter shaft. 

1 42. The system of claim 40, wherein the sheath introducer fiirther comprises a 

2 fluoroscopic marker system in a distal region of the member. 

1 43. A method of crossing an occlusion, comprising: 

2 assembling a catheter system by loading a blunt dissection catheter into a 

3 sheath catheter; 

4 advancing the catheter system to a vascular site and positioning at least one 

5 spreading member of the blunt dissection catheter adjacent to the occlusion; 

6 applying a fracturing force to tissue of the blood vessel and the occlusion by 

7 moving a distal end of the at least one spreading member laterally away from a 

8 longitudinal center line of the blunt dissection catheter by deflecting a distal end of 

9 the spreading member around a proximal end of the spreading member in response to 

10 a spreading force; 

1 1 disrupting material of the occlusion and generating a path through the 

12 disrupted material in response to the applied fracturing force; and 
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13 advancing at least one of the blunt dissection catheter and the sheath catheter 

14 through material of the occlusion using the generated path so that at least one of the 

1 5 blunt dissection catheter and the sheath catheter crosses through the material of the 

1 6 occlusion and the material of the occlusion remains external to the catheter system. 

1 44. The method of claim 43, further comprising advancing the sheath catheter past 

2 the occlusion before removing the blunt dissection catheter from the blood vessel. 

1 45. The method of claim 43, further comprising advancing a guide wire through 

2 the displaced occlusion using the sheath catheter after removing the blunt dissection 

3 catheter and before removing the sheath catheter. 

1 46. The method of claim 43, further comprising selecting and advancing a guide 

2 wire across the vascular occlusion within the blood vessel. 

1 47. The method of claim 43, further comprising advancing the sheath catheter past 

2 the occlusion before removing the blunt dissection catheter and before advancing a 

3 guide wire through the sheath catheter. 

1 48. The method of claim 43, further comprising advancing a guide wire across the 

2 occlusion using the sheath catheter after advancing the sheath catheter past the 

3 occlusion. 

1 49. A method of crossing an occlusion, comprising: 

2 advancing a first guide wire within a blood vessel of vasculature to the 

3 occlusion; 

4 assembling a catheter system by loading a sheath introducer into a sheath 

5 catheter; 

6 advancing the catheter system over the first guide wire so that a distal end of 

7 the system is in proximity to the occlusion; 

8 removing the first guide wire and sheath introducer from the vasculature; 

9 advancing a blunt dissection catheter through the sheath catheter to position at 
1 0 least one spreading member of the blunt dissection catheter adjacent to the occlusion; 
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1 1 applying a fracturing force to tissue of the blood vessel and the occlusion by 

12 moving a distal end of the spreading member laterally away from a longitudinal 

13 center line of the blunt dissection catheter by deflecting a distal end of the spreading 

14 member around a proximal end of the spreading member in response to a spreading 

15 force; 

16 disrupting material of the occlusion and generating a path through the 

17 disrupted material in response to the applied fracturing force; and 

1 8 advancing at least one of the blunt dissection catheter and the sheath catheter 

19 through material of the occlusion using the generated path so that at least one of the 

20 blunt dissection catheter and the sheath catheter crosses through the material of the 

21 occlusion and the material of the occlusion remains external to the catheter system. 

1 50. The method of claim 49, further comprising advancing the sheath catheter past 

2 the occlusion before removing the blunt dissection catheter from the blood vessel. 

1 51, The method of claim 49, further comprising advancing a second guide wire 

2 through the displaced occlusion using the sheath catheter after removing the blunt 

3 dissection catheter and before removing the sheath catheter. 

1 52. The method of claim 49, further comprising selecting and advancing a second 

2 guide wire across the vascular occlusion within the blood vessel. 

1 53. The method of claim 49, further comprising advancing the sheath catheter past 

2 the occlusion before removing the blunt dissection catheter and before advancing a 

3 second guide wire through the sheath catheter. 

1 54. The method of claim 49, further comprising advancing a second guide wire 

2 across the occlusion using the sheath catheter after advancing the sheath catheter past 

3 the occlusion. 
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